Transsarcolemmal influx and release from the sarcoplasmic reticulum (SR) through specific Ca2' channels are the two main pathways to elevate cytosolic Ca2 ' (Ca24i) 
The fluorescence images were passed through a dichroic mirror (>400 nm), focused on a silicon-intensified target camera (Hamamatsu Photonics, Hamamatsu, Japan), and recorded on a videotape throughout the experiment. To minimize photobleaching of the fluorescent dye and heat damage of VSMCs, an attenuation filter and a heat-cut filter were inserted.
Image Analysis of Ca2'i
The videotaped fluorescence images were digitized and analyzed at 640x485 pixels by an on-line image processor (Hamamatsu Photonics). To increase the signal-to-noise ratio and to avoid an image persistence, 32 successive video frames at 1 second within 2 seconds of recording were accumulated, and the average was calculated at each excitation wavelength (340 and 380 nm). Each background was subtracted, and the two-dimensional ratio (340 nm/380 nm) image of VSMCs was reconstructed after dividing on a pixel-by-pixel basis. 16 The resultant ratio image was pseudocolored in blue-green-yellow-brown from lower to higher value. The Ca'+i value was estimated as described by Grynkiewicz et al18:
where Kd is the dissociation constant between Ca'+ and fura-2. Rmin and Rmax are the 340 nm/380 nm ratio of the fluorescence intensity of fura-2 in the presence of 1 mM EGTA and that of fura-2 in the presence of 2 mM Ca'+, respectively. Sb2/Sf2 is the fluorescence ratio of fura-2 in the presence of 1 mM EGTA to that in the presence of 2 mM Ca2+ at 380 nm excitation.
Free Ca2+ concentration was also calibrated by standard CaEGTA buffer as described previously'9 and was equal to Tsien's equation described above except we used Kd values from our studies. The absolute Ca'+i values should be interpreted with caution.20 Nevertheless, this does not detract from our observations concerning temporal changes and spatial heterogeneity in Ca'+i. To calculate Ca'+i within a cell or whole field, the fluorescence ratio of each pixel was summed up after the range of interest was defined. The resultant total ratio score was divided by the number of pixels within an observation field.
Miscellaneous
Cell viability was more than 99%, as judged by trypan blue exclusion staining. VSMCs were identified by the following three criteria: 1) a "hills and valleys" pattern in confluent culture; 2) immunological identification of myosin molecules, which were specifically stained by fluorescein isothiocyanateconjugated polyclonal antibody raised against smooth muscle myosin heavy chain ( Figure 1A) Figure 2C) Figure 3 illustrates the time course of Ca2 i in a single VSMC (Figures 3A-3C) or average Ca2 i in the whole observation field ( Figure 3D) (Figure 3A) . In contrast, an Ang Il-responsive cell just below the caffeine-responsive cell in Figures 2A-2D did not exhibit the Ca2 i elevation to caffeine, although it did reveal a distinct and reversible reaction to Ang LI ( Figure 3B ). One Ang Il-responsive, caffeine-nonresponsive cell in the upper left corner in Figures 2A-2D showed a periodic change of the Ca2 i, that is, "Ca2+ oscillation"
( Figure 3C ). The time interval of the oscillation ranged from 20 to 30 seconds, and the peak Ca2+ became lower. Furthermore, the mean Ca2 i of the whole observation field apparently documented two responses to caffeine and Ang II ( Figure 3D ), although each cell composing the field responded to the stimulants selectively ( Figures 3A-3C) . Population of Cells That Responded and Degree of Ca2+j Elevation in Each Cell Table 1 summarizes eight independent experiments (four in both A and B). The percentage of cell number that responded to caffeine ranged from 17% to 50%. In caffeine-responsive cells whose peak Ca2'i attained 300% over the basal level, the subsequent Ang II in the absence of Ca2 0 (pCa>8) elicited a weak or negligible Ca2 i change. The remainder consisted chiefly of Ang lI-responsive cells that showed only a minute change to caffeine but that also exhibited a 300% elevation of Ca2 i with Ang II when the Ca2+ entry was blocked by 1 mM EGTA in the medium. Fifteen percent of the cells did not reveal a marked response to either caffeine or Ang II (Table  1A) .
These (Table 1A) . It should be noted that the maximal effect of caffeine or Ang II was not obtained simultaneously in all responsive cells, but a variable interval was observed between the reagent application and its peak Ca2'i level in each cell.
Contamination with fibroblasts was excluded, because cultured fibroblasts obtained from subcutaneous tissue of the same animal and treated by the identical procedures as VSMCs did not react with caffeine or Ang II (data not shown). It was also certified by showing that all measured cells had smooth muscle myosin by an immunological staining ( Figure 1A ).
Discussion
The alternative Ca2+j responses to caffeine or Ang II were observed in cultured VSMCs of rat aorta, and these Ca2+j responses were reproducible when the order of the reagent application was reversed, revealing the intercellular heterogeneity of the Ca2+j release from internal stores to vasoactive substances. Unless the Ca2 i transient was measured in an individual cell, it would be difficult to identify the variable responses of each cell to different stimuli. 24 Furthermore, some Ang Il-responsive cells revealed the Ca2 i oscillatory behavior, as described for endothelial cells. 25 The nonsynchronized transients in other cells nullified the oscillation in an average Ca2+ in the whole observation field.
If this heterogeneity does exist in vivo in the vessel wall, the subpopulations might contribute to the pathogenesis of vasospasm of coronary artery,26 arteriosclerosis, or hypertension. Actually, the expression of vimentin, desmin, or isoactins was heterogeneously distributed in situ in animal and human aorta of both physiological and pathological states. 27, 28 Pharmacological heterogeneity of smooth muscle cells was also noted previously.29'30 Furthermore, the heterogeneous localization of several Ca2+ channels has been reported in a single sympathetic neuron in culture: a dominance of caffeine-sensitive Ca2+ channels in cell bodies and homogeneous distribution of voltage-dependent L-type Ca2+ channels in both cell bodies and growth cones. 17 When heterogeneity occurs only in tissue culture, several possibilities are raised: 1) the absence of caffeine-and ryanodine-sensitive Ca2+ channels in SR of Ang Il-responsive cells, 2) the dissociation of a signal transduction system from Ang II binding to the opening of Ca2+ channels by a second messenger (presumably 1P3) in caffeine-responsive cells, 3) the selective expression or inhibition of Ca2+ channels in the cell cycle, or 4) the defect or lack of expression of Ang II receptors on caffeine-responsive cells. The last possibility was excluded because of the response in the presence of extracellular Ca2+ (Table 1B) .
In this report, we stress that experimental data from multiple cells as a group should be interpreted with great care to determine whether several responses to various stimuli originate from a single kind of cell sharing a common target (i.e., Ca2' channels in SR in the present study) or from different sorts of cells that bear a specific response to each stimulus. Continuous observation of a single cell throughout the experiment is also essential to clarify the Ca2' oscillation. The response of an individual cell in the observation field with different duration to peak Ca2'i may show repetitive responses and seemed to be an apparent oscillation. The two-dimensional image analysis of multiple cells in a field would be preferable for those purposes.
